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Description
TECHNICAL FIELD

[0001] The presentinvention relates to an improved method for manufacturing a bearing outer ring which constitutes
a double-row angular rolling bearing incorporated into the rotating support members of a variety of machinery including
automobiles, machine tools, and industrial machinery. In the bearing outer ring which is the object of the manufacturing
method of the present invention, there is provided a double row of back-to-back arrangement outer ring raceways at
two locations in the axial direction on the inner peripheral surface. In such a bearing outer ring, the outer peripheral
surface is a cylindrical surface whose outside diameter does not vary substantially in relation to the axial direction, and
the inner peripheral surface adopts a shape in which the inside diameter is smallest at the axial center portion, and the
portions to either side of the axial center portion are inclined in a direction in which the internal diameter gradually
increases with proximity to the axial end portions. A "cylindrical surface whose outside diameter does not vary substantially
in relation to the axial direction" means a shape where, with the exception of chamfered portions provided at the edges
of the axial end portions, the outside diameter does not change. Furthermore, the bearing outer ring which is the object
of the manufacturing method of the present invention, provided this is a double-row angular type, is not limited to the
outer ring for ball bearings, but also includes the outer ring for tapered roller bearings.

BACKGROUND ART

[0002] In order to construct a rotating support member for a variety of machinery, a back-to-back double-row angular
ball bearing 1 such as shown in FIG. 7 is widely used. This double-row angular ball bearing 1 comprises; an outer ring
3 having double-row outer ring raceways 2 on the inner peripheral surface, a pair of inner rings 5 formed with inner ring
raceways 4 on the respective outer peripheral surfaces, a plurality of balls 6 provided in a freely rolling manner between
the outer ring raceways 2 and the inner ring raceways 4 of both inner rings 5, and a pair of cages 7 for holding the balls
6. In such a double-row angular ball bearing 1, for example, the outer ring 3 is fitted internally into a housing 8, and the
inner rings 5 are fitted externally to a rotating shaft 9. The rotating shaft 9 is supported inside the housing 8 in a freely
rotating manner.

[0003] The outer ring 3 and the two inner rings 5 which constitute such a double-row angular ball bearing 1 are
processed to a predetermined shape and size by, for example, performing a forging process, a rolling process, and
machining and grinding processes in the well-known manner described in patent documents 1 through 5. For example,
the outer ring 3 is conventionally manufactured by the processes shown in FIG. 8. First, this conventional manufacturing
method for a bearing outer ring is described.

[0004] In the known method of manufacturing a bearing outer ring shown in FIG. 8, first a cylindrical raw material 10
as shown by (A) is obtained by cutting a long piece of a raw material into predetermined lengths.

[0005] Next, the raw material 10 is subjected to an upsetting process by compressing the raw material 10 in the axial
direction between opposing pressing surfaces of a pair of dies, to obtain a first intermediate material 11 whose outer
peripheral surface is a convex circular arc as shown by (B).

[0006] Next, this first intermediate material 11 is subjected to a backward extrusion process shown by (C) to (D) to
obtain a second intermediate material 12 shown by (D).

[0007] The backward extrusion process is performed by compressing the radial center portion of the first intermediate
material 11 in the axial direction, between a die 13 and a punch 14, and plastically deforming the radial outlying portion
in a direction opposite to the pushing direction of the punch 14. The die 13 is a bottomed cylinder, comprising a circular
base plate 15 and a peripheral wall portion 16 which extends upward from the outside edge of the base plate 15. An
annular groove 17 is formed around the entire periphery of the outlying portion of the base plate 15. Furthermore, the
inner peripheral surface of the peripheral wall portion 16 adopts a stepped shape in which an inner periphery large
diameter portion 18 on the opening side (from the center portion to the top end) is connected to an inner periphery small
diameter portion 19 on the base plate 15 side (bottom end) by an inner periphery inclined portion 20 on the base plate
side of the axial center portion. The inner periphery small diameter portion 19 is positioned upon the same cylindrical
surface as the outlying inner peripheral surface of the annular groove 17. Furthermore, the outer peripheral surface of
the punch 14 adopts a stepped shape in which an outer periphery small diameter portion 21 at the forward end (lower
half) is connected to an outer periphery large diameter portion 22 at the base end (top half) by an outer periphery inclined
portion 23 at the axial center portion. The die 13 and the punch 14 having these respective constructions are concentrically
secured to and supported by a table and ram of a pressing machine. In other words, the die 13 is secured to the top
surface of the table and the punch 14 is secured to the bottom end face of the ram.

[0008] When performing this backward extrusion process, with the punch 14 and the ram in an elevated state, the first
intermediate material 11 is set inside the die 13. In the case of the conventional manufacturing method, the outside
diameter of the first intermediate material 11 is smaller than the inside diameter of the inner periphery small diameter
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portion 19, at least at the bottom end part at the part which enters inside the inner periphery small diameter portion 19.
Accordingly, in a state with the firstintermediate material 11 setinside the die 13, the bottom surface of the firstintermediate
material 11 contacts the inner portion of the annular groove 17 at the top surface of the base plate 15, as shown by (C).
Then from this state, the punch 14 is lowered by the ram, thereby compressing the center portion of the first intermediate
material 11 in the axial direction between the forward end face of the punch 14 and the top surface of the base plate 15
of the die 13, as shown by (D).

[0009] The metal material which is extruded radially outward from the space between the top surface of the base plate
15 and the forward end face of the punch 14 by this compressing action, moves in the opposite direction (upward) to
the pressing direction of the punch 14, together with the metal material present at the radially outlying portions of the
first intermediate material 11. In this manner, the metal material which moves in the opposite direction to the pressing
direction of the punch 14 follows the shape of the outer peripheral surface of the punch 14 and the inner peripheral
surface of the peripheral wall portion 16 to form a stepped cylinder whose inner and outer peripheral surfaces are stepped
cylindrical surfaces. Furthermore, some of the metal material enters inside the annular groove 17, so that the shape of
this portion becomes a rim shape. By the backward extrusion process performed in this manner, a second intermediate
material 12 is obtained in the overall shape of a bottomed cylinder in which the inner and outer peripheral surfaces are
stepped cylindrical surfaces as shown by (D).

[0010] Next, this second intermediate material 12 is subjected to a punching process which punches out a base portion
24 of the second intermediate material 12, to produce a third intermediate material 25 in the shape of a stepped cylinder
as shown by (E). This punching process is performed by using a pressing machine to drive a blanking punch through
the second intermediate material 12.

[0011] Atfterthe third intermediate material 25 is produced in this manner, the third intermediate material 25 is subjected
to a cold roll forming (CRF) to produce a fourth intermediate material 26 shown by (F). In this cold roll forming, for
example the third intermediate material 25 is fitted inside an external diameter side roller which has an inside diameter
matching the outside diameter (on the large diameter side) of the third intermediate material 25 and whose inner peripheral
surface is a cylindrical surface. Moreover an internal diameter side roller which has an outside diameter sufficiently
smaller than the inside diameter of the third intermediate material 25 and whose outer peripheral surface generating
line shape corresponds with the generating line shape of the inner peripheral surface of the fourth intermediate material
26 (in opposite relief) is pushed against the inner peripheral surface of the third intermediate material 25. Then, while
rotating the internal diameter side roller, it is pushed against the inner peripheral surface of the third intermediate material
25. Because the external diameter side roller is supported in a manner which allows only rotation (in a state where
displacement in the radial direction is prevented), then with rotation of the internal diameter side roller, the third inter-
mediate material 25 rotates together with the external diameter side roller. As a result, the generating line shape of the
outer peripheral surface of the internal diameter side roller is transferred to the entire periphery of the inner peripheral
surface of the third intermediate material 25, and the outer peripheral surface of the third intermediate material 25 is
processed into a cylindrical surface.

[0012] This rolling process may also be performed by sandwiching part of the third intermediate material 25 between
a pair of rollers rotating in mutually opposite directions, and applying pressure to the rollers to push them towards each
other so as to transfer the shape of the outer peripheral surfaces of the rollers to the inner and outer peripheral surfaces
of the third intermediate material 25. In either case, the fourth intermediate material 26 as shown by (F) is obtained. In
this fourth intermediate material 26, the outer peripheral surface forms a cylindrical surface whose outside diameter
does not vary substantially in relation to the axial direction, and the inner peripheral surface has an inclined shape where
an inside diameter is smallest at the axial center portion and the inside diameter increases gradually towards both axial
direction end portions.

[0013] The thus obtained fourth intermediate material 26 is subjected to the required finishing processes to thereby
complete the outer ring 3 which constitutes the double-row angular ball bearing 1, as shown in FIG. 7. That is to say,
by shaving away the excess portion of the fourth intermediate material 26, the outer ring 3 with the shape indicated by
the chain lines in FIG. 8 (F) and FIG. 9 is obtained. Furthermore, the part corresponding to the pair of outer ring raceways
2 formed in the inner peripheral surface of the outer ring 3, is subjected to processes such as a grinding and superfinishing
to enhance the surface characteristics of the two outer ring raceways 2.

[0014] Incidentally, for the raw material 10 for making the outer ring 3, a column shaped material is used which is
made by cutting to predetermined lengths, a long piece of material with a circular cross-section that has been extrusion-
molded by a steelmaker. The fact that the composition (cleanliness) of the column shaped raw material 10 obtained in
this manner is not uniform, that is the range of the central 40% of the raw material 10 (the central cylindrical section from
the core to 40% of the radius) tends to contain non-metallic inclusions, is already well known from descriptions in patent
document 6 and other sources. Also known is that in relation to the range of the diametrically outermost 20% of the raw
material 10 (the cylindrical section existing on the outer peripheral side more than 80% of the radius from the center),
the cleanliness is low due to the susceptibility to the presence of oxides and non-metallic inclusions. Moreover, when
metal material with low cleanliness, whether from the center or near the outer peripheral surface, is exposed at the outer
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ring raceways 2 provided on the inner peripheral surface of the outer ring 3, particularly the part that makes rolling contact
with the rolling surface of the ball 6 (FIG. 7), ensuring the rolling fatigue life of these parts is difficult.

[0015] When these circumstances are considered, and also variations in the distribution of oxides and non-metallic
inclusions within the material as well as various differences that occur at the time of the manufacturing operation (such
as compressive force) are considered, the metal material present in the range of the central 50% of the raw material 10
and in the range of the outermost 30% of the raw material 10 is preferably not exposed in the outer ring raceways 2, at
least in those parts which make rolling contact with the rolling surface. In other words, at least in the parts of the outer
ring raceways 3 which make rolling contact with the rolling surface, preferably the metal material present in a middle
cylindrical portion 27 of the raw material 10 (the crosshatched parts of (A) in FIG. 8. The other crosshatched parts in
FIG. 1 to FIG. 6, FIG. 8 (B) to (F), and FIG. 9 show that these are also composed of the metal material (middle metal
material 29) presentin the middle cylindrical portion 27), in arange from 50 to 70% of the radius from the center, is exposed.
[0016] Incidentally, when a forging process is used to manufacture an outer ring 3 of the type which is the object of
the present invention, having a small inside diameter at the axial center portion and comprising double row outer ring
raceways at two locations in the axial direction on the inner peripheral surface on either side of this small diameter
portion, exposing the metal material present in the middle cylindrical portion 27 to the two raceway surfaces is difficult.
For example, when the outer ring 3 shown by the chain line in FIG. 9 is produced by a method such as shown in FIG.
8 above, metal material of each part in the raw material 10, that is the core metal material 28 which is present in the
central columnar portion from the center to 50% of the radius, the middle metal material 29 which is present in the middle
cylindrical portion 27, that is a range of 50 to 70% of the radius from the center, and the outer metal material 30 which
is present in the outlying cylindrical portion, that is a range of the outermost 30%, is distributed throughout the outer ring
3 as shown in FIG. 9. For this outer ring 3, as described above, the fourth intermediate material 26 as shown by the
solid line in FIG. 9 is produced by a forging process, after which the fourth intermediate material 26 is shaved off to the
state shown by the chain line in FIG. 9, by machining and grinding processes, and completed as the outer ring 3.
[0017] In FIG. 9 which shows the fourth intermediate material 26 and the outer ring 3, if the middle metal material 29
present in the middle cylindrical portion 27 shown by the crosshatching is exposed at least at the part of the pair of outer
ring raceways 2 which makes rolling contact with the rolling surface of the ball, the rolling fatigue life of these two outer
ring raceways 2 is ensured, which easily ensures the durability of the double-row angular ball bearing 1 which includes
this outer ring 3. However, as is clear from FIG. 9, when the outer ring 3 is made by the conventional manufacturing
method, the core metal material 28 of the central columnar portion is exposed on the entire surface of one outer ring
raceway 2 of the two outer ring raceways 2 (the lower outer ring raceway 2 in FIG. 9). For example, the arrows o in FIG.
9 indicate the direction of action of the load applied from the balls 6 to the two outer ring raceways 2 (see FIG. 7) in the
case where the contact angle of the balls 6 is 40° (the complementary angle of the contact angle relative to the center
axis is 50°). If the middle metal material 29 is present at the part indicated by the arrows o on the chain line in FIG. 9
which indicates the cross-sectional shape of the outer ring 3, then the rolling fatigue life of the two outer ring raceways
2 can be ensured easily. However in relation to the lower inner ring raceway 2 of FIG. 9, the core metal material 28 is
present in the part on the chain line indicated by the arrows o. Consequently, in conventionally known methods of
manufacturing bearing outer rings, the degree of freedom in the design for ensuring the durability of the double-row
angular ball bearing 1 is limited.

Patent document 1: Japanese Patent Application Publication No. Hei 9-176740
Patent document 2: Japanese Patent Application Publication No. Hei 9-280255
Patent document 3: Japanese Patent Application Publication No. Hei 11-140543
Patent document 4: Japanese Patent Application Publication No. 2002-79347
Patent document 5: Japanese Patent Application Publication No. 2003-230927
Patent document 6: Japanese Patent Application Publication No. 2006-250317
DISCLOSURE OF THE INVENTION
Problem to be Solved by the Invention
[0018] The present invention takes into consideration the above circumstances, and in the case of manufacturing, by

plastically deforming a cylindrical material, a bearing outer ring in which the diameter of the axial center portion of the
inner peripheral surface is smaller than the diameter of both end portions and which comprise double-row outer ring
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raceways at two locations in the axial direction that sandwich the portion with the small diameter, the invention realizes
manufacture of a bearing outer ring in which the metal material of the middle cylindrical portion with the highest cleanliness
of the raw material is exposed at least at the portions of the two outer ring raceways on which the load of the rolling
elements acts.

Means for Solving the Problem

[0019] In a first aspect of the manufacturing method for a bearing outer ring of the present invention, in the same
manner as in the aforementioned conventionally known manufacturing method for a bearing outer ring illustrated in FIG.
8, a cylindrical material is sequentially subjected to a upsetting process, a backward extrusion process, a punching
process, a rolling process, and a finishing process, to thereby produce a bearing outer ring comprising back-to-back
arrangement double-row outer ring raceways at two locations in the axial direction on the inner peripheral surface.
[0020] In the upsetting process, the material is compressed in an axial direction between mutually opposing pressing
surfaces of a pair of dies, to obtain a first intermediate material.

[0021] In the backward extrusion process, a center portion of the first intermediate material is compressed in an axial
direction between a die and a punch. The die is a bottomed cylinder shape whose inner peripheral surface adopts a
stepped shape in which an inner periphery large diameter portion on an opening side and an inner periphery small
diameter portion on a base side are connected by an inner periphery inclined portion at an axial center portion. Further-
more, the punch has an outer peripheral surface which adopts a stepped shape in which an outer periphery small
diameter portion on a forward end side and an outer periphery large diameter portion on a base end side are connected
by an outer periphery inclined portion at an axial center portion. In the backward extrusion process, the center of the
first intermediate material is compressed in the axial direction between the forward end face of the punch and the base
plate of the die. Then the metal material which is extruded radially outward accompanying this compressing, moves in
an opposite direction to a pressing direction of the punch together with metal material present at radially outlying portions
of the first intermediate material, thereby obtaining a second intermediate material in the overall form of a bottomed
cylinder whose inner and outer peripheral surfaces are stepped cylindrical surfaces.

[0022] In the punching process, a base of the second intermediate material is punched out to thereby produce a third
intermediate material in the overall form of a cylinder whose inner and outer peripheral surfaces are stepped cylindrical
surfaces.

[0023] In the rolling process, the inner and outer peripheral surfaces of the third intermediate material are subjected
to plastic deformation to produce a fourth intermediate material in which the outer peripheral surface is a cylindrical
surface whose outside diameter does not vary substantially in relation to the axial direction, and the inner peripheral
surface has a shape in which an inside diameter at the axial center portion is smallest, and in which both side portions
of the axial center portion are inclined in a direction in which the inside diameter increases gradually towards both axial
ends. The meaning of the outside diameter not varying substantially in relation to the axial direction is as described above.
[0024] In the finishing process, the inner peripheral surface of the fourth intermediate material is shaved off to form
the two outer ring raceways in the inner peripheral surface.

[0025] In particular, in the manufacturing method for a bearing outer ring of the present invention, the outer diameter
of the first intermediate material produced by the upsetting process is equal to or smaller than the inside diameter of the
inner periphery large diameter portion of the die and larger than the inside diameter of the inner periphery small diameter
portion. That is to say, the amount of processing of the material (compressing amount) in the upsetting process, is larger
than for the case of the conventional manufacturing method described above, and the outside diameter of the first
intermediate material is greater than the outside diameter of the first intermediate material made when the conventional
method is executed.

[0026] Furthermore, in the backward extrusion process, in a condition with the whole circumference of the first inter-
mediate material sitting on the inner periphery inclined portion of the die, the first intermediate material is pushed towards
a base of the die by a forward end face of the punch. Then, after plastically deforming the first intermediate material to
a shape where the radially outlying portions are inclined towards the opening of the die, the center of the first intermediate
material is compressed in the axial direction, and the radially outlying portion of the first intermediate material is moved
in an opposite direction to the pressing direction of the punch, thereby giving the second intermediate material.

[0027] Preferably, the pressing surface of one die of the pair of dies used in the upsetting process, is a flat surface,
and at least a radially outlying portion of a pressing surface of an other die is an inclined surface which is inclined in a
direction away from the pressing surface of the one die with increasing proximity to an outer peripheral edge. Thus, the
first intermediate material produced by the upsetting process adopts a shape in which one axial direction surface has a
radial center portion which is recessed further than the outer peripheral edge, and the other axial direction surface is
flat. Moreover, in the backward extrusion process, the recessed surface is positioned facing the base of the die.
[0028] On the other hand, in a second aspect of the manufacturing method for a bearing outer ring of the present
invention, a cylindrical material is sequentially subjected to a upsetting process, a simultaneous forward-backward
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extrusion process, a punching process, a rolling process, and a finishing process, to thereby produce a bearing outer
ring comprising back-to-back arrangement double-row outer ring raceways at two locations in the axial direction on the
inner peripheral surface. That is to say, instead of the backward extrusion process in the first aspect, a simultaneous
forward-backward extrusion process is adopted. The configuration of the manufacturing method for a bearing outer ring
according to the second aspect, is the same as the manufacturing method according to the first aspect, apart from the
point that the simultaneous forward-backward extrusion process is adopted.

[0029] In the simultaneous forward-backward extrusion process, a center portion of the first intermediate material is
compressed in the axial direction between a die in the shape of a bottomed cylinder in which a circular protrusion having
a height less than half the depth is provided at the center of the base, to give a cylindrical shape forming space between
the outer peripheral surface of the circular protrusion and the inner peripheral surface of the die, and a punch having an
outside diameter smaller than the inside diameter of the die. Then the metal material extruded outward in the radial
direction accompanying this compressing action, together with the metal material present in the radially outlying portion
of the first intermediate material, moves into the cylindrical shape forming space and also moves (simultaneously) in the
direction opposite to the pressing direction of the punch and into a cylindrical space present between the outer peripheral
surface of the punch and the inner peripheral surface of the die, to give a second intermediate material provided with a
cross wall on the inside diameter side of an axial center portion of the cylinder. Then this second intermediate material
is finished in the same manner as for the case of the manufacturing method according to the first embodiment, to produce
a bearing outer ring.

Effects of the Invention

[0030] Accordingtothe manufacturing method for a bearing outer ring of the present invention configured in the above
manner, the metal material of the middle cylindrical portion which has the highest cleanliness for the material, is exposed
to at least the portion on which rolling element load acts, of the two outer ring raceways formed at two locations separated
in the axial direction sandwiching the part of the inner peripheral surface where the inside diameter is smallest. Conse-
quently, the rolling fatigue life of the two outer ring raceways can be ensured, and the degree of freedom in the design
for ensuring the durability of a double-row rolling bearing which includes a bearing outer ring comprising such two outer
ring raceways can be improved.

[0031] Furthermore, as required, by making the surface in the first intermediate material which faces the base of the
die a recessed surface, the metal material of the middle cylindrical portion can be effectively exposed over a greater
area of the surface portion of the two outer ring raceways.

[0032] Inaddition, by adopting the simultaneous forward-backward extrusion process instead of the backward extrusion
process, the metal material of the middle cylindrical portion which has the highest cleanliness of the raw material can
be more sufficiently disposed at the two outer ring raceways, so that the degree of freedom in the design for ensuring
the durability of the double-row rolling bearing can be further improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033]
FIG. 1 shows a first example of an embodiment of a manufacturing method for a bearing ring member of the present
invention, together with the situations where the distribution state of the metal material of the core columnar portion,
the metal material of the middle cylindrical portion, and the metal material of the outermost cylindrical portion changes
in the processing sequence, showing cross-sectional views of from the raw material to the fourth intermediate
material, and the die and punch.
FIG. 2 is a cross-sectional view illustrating the distribution state of the metal material of the core columnar portion,
the metal material of the middle cylindrical portion, and the metal material of the outermost cylindrical portion in the
stage of the fourth intermediate material of the first example.
FIG. 3 is views similar to FIG. 1, showing a second example of an embodiment of the present invention.

FIG. 4 is a cross-sectional view similar to FIG. 2 of the fourth intermediate material of the second example.

FIG. 5 is views similar to FIG. 1 showing a third example of an embodiment of the present invention, with the die
and punch omitted.

FIG. 6 is a cross-sectional view similar to FIG. 2 of the fourth intermediate material of the third example.
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FIG. 7 is a cross-sectional view showing one example of a rotation support member provided with a double-row
angular ball bearing comprising a bearing outer ring which is the object of the manufacturing method of the present
invention.

FIG. 8 is views similar to FIG. 1, showing a conventionally known manufacturing method for a bearing outer ring.

FIG. 9 is a cross-sectional view similar to FIG. 2 of the fourth intermediate material obtained by the conventionally
known manufacturing method.

Description of the Reference Symbols
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[0034]

1 Double-row angular ball bearing
2 Outer ring raceway

3 Outer ring

4 Inner ring raceway

5 Inner ring

6 Ball

7 Cage

8 Housing

9 Rotating shaft

10 Raw material

11, 11a, 11b First intermediate material

12, 12a, 12b, 12¢

Second intermediate material

13 Die

14 Punch

15 Base plate

16 Peripheral wall portion

17 Annular groove

18 Inner periphery large diameter portion

19 Inner periphery small diameter portion
20 Inner periphery inclined portion

21 Outer periphery small diameter portion
22 Outer periphery large diameter portion
23 Outer periphery inclined portion
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24 Base portion

25, 25a, 25b Third intermediate material
26, 26a, 26b Fourth intermediate material
27 Middle cylindrical portion

28 Core metal material

29 Middle metal material

30 Outer metal material

31 Cylinder

32 Cross wall

BEST MODE FOR CARRYING OUT THE INVENTION
[First example of the embodiment]

[0035] FIG. 1 andFIG. 2 show a first example of an embodiment of the present invention. In the manufacturing method
of this example, a cylindrical raw material 10 made of a metal which can be quench hardened after deformation processing,
such as a ferrous alloy like a medium carbon steel, a bearing steel, or a cemented steel is sequentially subjected to
deformation processing or punching. Then, by way of a firstintermediate material 11a shown by (B), a second intermediate
material 12a shown by (D), and a third intermediate material 25a shown by (E), a fourth intermediate material 26a shown
by (F) is obtained. Furthermore, the fourth intermediate material 26a is subjected to the required machining and grinding
processes to obtain an outer ring 3 which constitutes part of the aforementioned double-row angular ball bearing 1 as
shown in FIG. 7. The steps for processing the raw material 10 into the fourth intermediate material 26a are described
in order below. Of the following processes, the upsetting process, the backward extrusion process, and the punching
process illustrated by from (A) to (E) are basically all performed hot or warm, and the rolling process illustrated by from
(E) to (F) is performed cold. However in some circumstances such as when forming a small-scale outer ring 3 using for
the metal material, one having superior ductility, all processes may be performed cold where possible.

[0036] First, in the upsetting process, as shown by from (A) to (B) in FIG. 1, the raw material 10 is compressed in the
axial direction to widen its outside diameter, thereby transforming the raw material 10 into the first intermediate material
11a with an expanded axial center portion. The basic implementation of this upsetting process is similar to the afore-
mentioned upsetting process in the conventional manufacturing process as shown in FIG. 8. However, in the present
example, in the upsetting process, the closest approach distance between the pressing surfaces of the pair of dies which
compress the raw material 10 in the axial direction is closer than in the case of the conventional manufacturing method.
That is to say, the amount of processing (compressing amount) of the raw material 10 in the upsetting process is greater
than for the case of the conventional manufacturing method. Therefore, the shape of the first intermediate material 11
a is closer to a thick disk than a barrel shape. Moreover, the outside diameter D4 of the first intermediate material 11a
produced by this upsetting process is larger than the outside diameter d44 (see (B) in FIG. 8) of the first intermediate
material 11 produced in the course of the conventional manufacturing method (D44 > d44). Specifically, the outside
diameter D4 is equal to or less than the inside diameter Rg of the inner periphery large diameter portion 18 formed on
the inner peripheral surface of the die 13 (see (C) and (D) in FIG. 1) used in the subsequent backward extrusion process,
and larger than the inside diameter R of the inner periphery small diameter portion 19 (R1g> D4 > Ryg).

[0037] In the subsequent backward extrusion process, this first intermediate material 11a is subjected to plastic de-
formation as illustrated by from (C) to (D) in FIG. 1 to obtain the second intermediate material 12a. In this backward
extrusion process, the same die 13 and punch 14 as for the case of the conventional manufacturing method described
above are used to compress the radial center portions of the first intermediate material 11 a in the axial direction, and
move the metal material outward in the radial direction as well as moving to both axial direction sides (both forward and
backward, but primarily backward). However in the case of the manufacturing method of the present embodiment, the
process conditions differ from the case of the conventional manufacturing method only in that the outside diameter D44
of the first intermediate material 11a is greater, as described below.

[0038] That is to say, in this example, in the backward extrusion process, first, as shown by (C) in FIG. 1, the whole
circumference of the radially outlying portion of the first intermediate material 11a sits on the inner periphery inclined
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portion 20 provided at the axial center portion of the inner peripheral surface of the die 13. Then, from this state, the
punch 14 is lowered, and the forward end face of the punch pushes the first intermediate material 11a towards the top
surface of the base plate 15 of the die 13. In the initial stage of this pushing process, that is, up to the state where the
center portion of the lower face of the first intermediate material 11a contacts the upper surface of the base plate 15,
the radially outlying portions of the first intermediate material 11a undergo plastic deformation in a direction towards the
opening of the die 13 (upward).

[0039] Then after the center of the bottom face of the first intermediate material 11a contacts the top surface of the
base plate 15, the punch 14 is lowered further, and the central portion of the firstintermediate material 11a is compressed
in the axial direction, and the metal material extruded in the radial direction accompanying this compressing action moves
primarily in the opposite direction (upward) to the pushing direction of the punch 14, together with the metal material
present in the radially outlying portion of the first intermediate material 11a. In this manner, the inner and outer peripheral
surfaces of the metal material that moves in the opposite direction to the pushing direction of the punch 14 both form a
stepped shape which matches the outer peripheral surface of the punch 14 and the inner peripheral surface of the
peripheral wall portion 16 which constitutes the die 13. As aresult, by the backward extrusion process, the firstintermediate
material 11a shown by (C) in FIG. 1, is transformed into the second intermediate material 12a having an overall bottomed
cylinder shape in which the inner and outer peripheral surfaces are stepped cylindrical surfaces. Furthermore, some of
the metal material moves forward in the pushing direction, entering the annular groove 17 formed in the radially outlying
portion of the base plate 15.

[0040] This second intermediate material 12a is then removed from the die 13 by the application of upward pressure
to the base portion 24 by a counter punch (not shown in the drawing) or other means, and transformed into the fourth
intermediate material 26a shown by (F) in FIG. 1 and in FIG. 2 by performing punching and rolling processes in the
same manner as in the case of the conventional manufacturing method described above. In the punching process, with
the second intermediate material 12a held in the inner peripheral surface of a receiving die (not shown in the drawing),
a blanking punch (not shown in the drawing) is pushed against the inside diameter side of the second intermediate
material 12a, thereby punching out the base portion 24. By this punching process, the third intermediate material 25a
having a stepped cylindrical shape as shown by (E) in FIG. 1 is obtained. Next, in the rolling process, the inner and outer
peripheral surfaces of this third intermediate material 25a are subjected to plastic deformation by a pair of rollers (not
shown in the drawing) to give a shape matching the peripheral surfaces of the two rollers, thereby obtaining the fourth
intermediate material 26a.

[0041] This fourth intermediate material 26a still has thicker walls than the finished outer ring 3 (see the chain line in
FIG. 1 (F) and FIG. 2). Thus, the fourth intermediate material 26a is subjected to predetermined machining (turning) and
grinding processes to obtain the completed outer ring 3. FIG. 1 (A) to (F) illustrate changes in the distribution state of
the core, middle, and outer metal materials 28 to 30 accompanying of the progress of processes, and FIG. 1 (F) and
FIG. 2 show the distribution state of the metal materials 28 to 30 at the fourth intermediate material 26a stage and a
cross-sectional view of the finished outer ring 3.

[0042] As is clear from these figures, according to the manufacturing method of the outer ring 3 of the present
embodiment, the middle metal material 29 of the middle cylindrical portion 27 shown by the crosshatching in the figure,
which has the highest cleanliness of the metal material in the raw material 10 is exposed to at least the portion on which
the rolling element load acts, of the two outer ring raceways 2 formed at two locations separated in the axial direction
on the inner peripheral surface of the outer ring 3. Consequently, the rolling fatigue life of the two outer ring raceways
2 can be ensured, and the degree of freedom in the design for ensuring the durability of a wheel-supporting rolling
bearing unit which includes an outer ring 3 comprising these two outer ring raceways 2 can be improved.

[Second example of the embodiment]

[0043] FIG. 3 and FIG. 4 show a second example of the embodiment of the present invention. In this example, of the
pair of dies used in the upsetting process performed in the processes shown from (A) to (B) in FIG. 3, the pressing
surface of one of the dies is a flat surface, and the radially outlying portion of the pressing surface of the other die forms
an inclined surface which inclines in a direction away from the pressing surface of the one die with increasing proximity
to the outer peripheral edge. Furthermore, the shape of the first intermediate material 11b produced by the upsetting
process is a shape in which one axial direction surface is recessed further at the radial center than the outer peripheral
edge. In the present example, by making the central portion of the one axial direction surface a flat surface, and making
the outer peripheral portion a partial conical recessed surface, the one axial direction surface becomes a concave surface
in the shape of an inverted truncated cone. In contrast, the other axial direction surface is a flat surface. In the case of
the first intermediate material 11b having such a shape, as is apparent from a comparison between (B) and (C) in FIG.
3 and (B) and (C) in FIG. 1, the extent of displacement of the core metal material 28 and the middle metal material 29
outward in the radial direction accompanying the upsetting process is more marked on the one axial direction side.

[0044] Inthe case of the backward extrusion process shown by from (C) to (D) in FIG. 3, this first intermediate material
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11b which is asymmetrical in the axial direction is positioned with the concave one axial direction surface facing the top
face of the base plate 15 of the die 13. In the same manner as for the case of the aforementioned first example of the
embodiment, the backward extrusion process shown by from (C) to (D) is performed to obtain a second intermediate
material 12b, the punching process shown by from (D) to (E) is performed to obtain a third intermediate material 25b,
and then the rolling process shown by from (E) to (F) is performed to obtain a fourth intermediate material 26b. As a
result, as is clear from a comparison between FIG. 3 (F) and FIG. 4, and FIG. 1 (F) and FIG. 2, when compared to the
first example of the embodiment, the clean middle metal material 29 is effectively exposed over a greater range of the
surface portion of the pair of outer ring raceways 2.

[0045] The configuration and effects of other parts are the same as for the case of the first example of the embodiment,
and hence equivalent parts are given the same reference symbols, and overlapping descriptions are omitted.

[Third example of the embodiment]

[0046] FIG. 5 and FIG. 6 show a third example of the embodiment of the present invention. In this example, instead
ofthe backward extrusion process performed in from (C) to (D) of FIG. 1 for the case of the first example of the embodiment
and described in FIG. 1 and FIG. 2, a simultaneous forward-backward extrusion process shown by from (B) to (C) of
FIG. 5 is performed. In the case of this example, apart from the point that the simultaneous forward-backward extrusion
process is adopted, and the first intermediate material 11 is given the same barrel shape as for the aforementioned
conventional example, the manufacturing method is the same as that of the first example of the embodiment.

[0047] In the case of this example, in the simultaneous forward-backward extrusion process, the first intermediate
material 11 shown in FIG. 5 (B) is processed to obtain a second intermediate material 12c shown in FIG. 5 (C). In this
manner, in the simultaneous forward-backward extrusion process used to process the first intermediate material 11 to
give the second intermediate material 12c, a die having an inner surface shape and punch having an outer surface
shape which match the surface shape of the second intermediate material 12c are used. The inner surface shape of the
die, as is apparent from the shape of the second intermediate material 12c shown in FIG. 5 (C), is that of a bottomed
cylinder in which a circular protrusion having a height less than half the depth of this die corresponding to the height of
the second intermediate material 12c is provided at the center of the base. Moreover, the space between the outer
peripheral surface of this circular protrusion and the inner peripheral surface of the die serves as a cylindrical shape
forming space for forming the lower portion of the second intermediate material 12c. Furthermore, because the inner
surface shape of the upper portion of the second intermediate material 12c is processed by pushing the punch into the
upper portion, the punch has an outside diameter smaller than the inside diameter of the die.

[0048] To process the firstintermediate material 11 into the second intermediate material 12c using the aforementioned
simultaneous forward-backward extrusion process, the first intermediate material 11 is set in the die in a state with the
central portion of the one axial direction surface (bottom surface) of the first intermediate material 11 in contact with (set
upon) the circular protrusion. Next, the central portion of the other axial direction surface of the first intermediate material
11 is strongly pressed by the punch, compressing the central portion of the first intermediate material in the axial direction
between the forward end face (bottom face) of the punch and the forward end face (top face) of the circular protrusion.
Then, the metal material extruded outward in the radial direction accompanying this compressing action, together with
the metal material present at the radially outlying portions of the first intermediate material 11, moves into the cylindrical
shape forming space and also moves in the direction opposite to the pressing direction of the punch into the cylindrical
space present between the outer peripheral surface of the punch and the inner peripheral surface of the die. Thus, the
second intermediate material 12c shown in FIG. 5 (C) is obtained, in which a cross wall 32 is provided in the axial center
portion of the cylinder 31 on the inside diameter side. Then, in the same manner as for the case of the first example of
the embodiment, this second intermediate material 12c is subjected to the punching process shown by from (C) to (D)
of FIG. 5, the rolling process shown by from (D) to (E) of FIG. 5, and further finishing processes, to attain the shape
shown by the chain line in FIG. 5 (E) and FIG. 6, and process into the outer ring 3 for a double-row ball bearing.
[0049] In the case of this example, because the process that produces the second intermediate material 12c from the
first intermediate material 11 is performed by a simultaneous forward-backward extrusion process in a substantially
symmetrical manner with respect to the axial direction of the two materials 11 and 12c, then as is clear from FIG. 5 (C)
to (E) and FIG. 6, the middle metal material 29 which has high cleanliness is exposed across the entire portion which
forms the double-row outer ring raceways 2. Consequently, the rolling fatigue life of the two outer ring raceways 2 can
be sufficiently ensured. Moreover, the degree of freedom in the design for ensuring the durability of a wheel-supporting
rolling bearing unit which includes an outer ring 3 comprising these two outer ring raceways 2 can be further improved.

INDUSTRIAL APPLICABILITY

[0050] Intheabove examples ofthe embodiment, the description has been for the case where an outerring 3 constituting
a double-row angular ball bearing 1 is made by the manufacturing method of the present invention. In contrast, the
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manufacturing method for a bearing outer ring of the present invention may also be applied to the case of making an
outer ring constituting a double-row angular tapered roller bearing. In this case, considering the width of the double-row
outer ring raceways formed on the inner peripheral surface of the outer ring, and the machining allowance in the finishing
processes, the position in the axial direction of the inner periphery inclined portion provided on the inner peripheral
surface of the central portion of the die used in the backward extrusion process is devised so that the middle metal
material in the raw material is exposed at the surface of the outer ring raceways.

ADDITIONAL DISCLOSURE
[0051] The present application also encompasses the following manufacturing methods for a bearing outer ring:

1. A manufacturing method for a bearing outer ring, in which a cylindrical material is sequentially subjected to a
upsetting process, a backward extrusion process, a punching process, a rolling process, and a finishing process,
to thereby produce a bearing outer ring comprising back-to-back arrangement double-row outer ring raceways at
two locations in the axial direction on the inner peripheral surface, and

in the upsetting process, the cylindrical material is compressed in an axial direction between mutually opposing
pressing surfaces of a pair of dies, to obtain a first intermediate material,

in the backward extrusion process, a center portion of the first intermediate material is compressed in an axial
direction between a die with a bottomed cylinder shape whose inner peripheral surface adopts a stepped shape in
which an inner periphery large diameter portion on an opening side and an inner periphery small diameter portion
on a base side are connected by an inner periphery inclined portion at an axial center portion, and a punch that has
an outer peripheral surface which adopts a stepped shape in which an outer periphery small diameter portion on a
forward end side and an outer periphery large diameter portion on a base end side are connected by an outer
periphery inclined portion at an axial center portion, and metal material which is extruded radially outward accom-
panying this compressing, moves in an opposite direction to a pressing direction of the punch together with metal
material present atradially outlying portions of the first intermediate material, thereby obtaining a second intermediate
material in the overall form of a bottomed cylinder whose inner and outer peripheral surfaces are stepped cylindrical
surfaces,

in the punching process, a base of the second intermediate material is punched out to thereby produce a third
intermediate material in the overall form of a cylinderwhose inner and outer peripheral surfaces are stepped cylindrical
surfaces,

in the rolling process, the inner and outer peripheral surfaces of the third intermediate material are subjected to
plastic deformation to produce a fourth intermediate material in which the outer peripheral surface is a cylindrical
surface whose outside diameter does not vary substantially in relation to the axial direction, and the inner peripheral
surface has a shape in which an inside diameter at the axial center portion is smallest, and in which both side
portions of the axial center portion are inclined in a direction in which the inside diameter increases gradually towards
both axial ends, and

in the finishing process, the inner peripheral surface of the fourth intermediate material is shaved off to form the two
outer ring raceways in the inner peripheral surface, characterized in that,

the outer diameter of the first intermediate material produced by the upsetting process is equal to or smaller than
the inside diameter of the inner periphery large diameter portion of the die and larger than the inside diameter of
the inner periphery small diameter portion of the die, and

in the backward extrusion process, in a condition with the whole circumference of the first intermediate material
sitting on the inner periphery inclined portion of the die, the first intermediate material is pushed towards a base of
the die by a forward end face of the punch, and after plastically deforming the first intermediate material to a shape
where the radially outlying portions are inclined towards the opening of the die, the center of the first intermediate
material is compressed in the axial direction, and the radially outlying portion of the first intermediate material is
moved in an opposite direction to the pressing direction of the punch, thereby giving the second intermediate material.

2. The manufacturing method for a bearing outer ring according to the above item 1, wherein the pressing surface
of one die of the pair of dies used in the upsetting process, is a flat surface, and at least a radially outlying portion
of a pressing surface of an other die is an inclined surface which is inclined in a direction away from the pressing
surface of the one die with increasing proximity to an outer peripheral edge, and hence one axial direction surface
of the first intermediate material has a radial center portion which is recessed further than an outer peripheral edge,
and in the backward extrusion process, the recessed surface is positioned facing the base of the die.
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Claims

A manufacturing method for a bearing outer ring (3) in which a cylindrical material is sequentially subjected to a
upsetting process, a simultaneous forward-backward extrusion process, a punching process, a rolling process, and
a finishing process, to thereby produce a bearing outer ring (3) comprising back-to-back arrangement double-row
outer ring raceways (2) at two locations in the axial direction on the inner peripheral surface, wherein

in the upsetting process, the cylindrical material is compressed in an axial direction between mutually opposing
pressing surfaces of a pair of dies (13), to obtain a first intermediate material (11),

in the simultaneous forward-backward extrusion process, a center portion of the first intermediate material (11) is
compressed in the axial direction between a die (13) in the shape of a bottomed cylinder in which a circular protrusion
having a height less than half the depth is provided at the center of the base, to give a cylindrical shape forming
space between the outer peripheral surface of the circular protrusion and the inner peripheral surface of the die
(13), and a punch (14) having an outside diameter smaller than the inside diameter of the die (13), and the metal
material extruded outward in the radial direction accompanying this compressing action, together with the metal
material present in the radially outlying portion of the first intermediate material (11), moves into the cylindrical shape
forming space and also moves in the direction opposite to the pressing direction of the punch (14) into a cylindrical
space present between the outer peripheral surface of the punch (14) and the inner peripheral surface of the die
(13), to give a second intermediate material (12) provided with a cross wall on the inside diameter side of an axial
center portion of the cylinder,

in the punching process, the cross wall of the second intermediate material (12) is punched out to thereby produce
a third intermediate material (25) in the overall form of a cylinder,

in the rolling process, the inner and outer peripheral surfaces of the third intermediate material (25) are subjected
to plastic deformation to produce a fourth intermediate material (26) in which the outer peripheral surface is a
cylindrical surface whose outside diameter does not vary substantially in relation to the axial direction, and the inner
peripheral surface has a shape in which an inside diameter at the axial center portion is smallest, and in which both
side portions of the axial center portion are inclined in a direction in which the inside diameter increases gradually
towards both axial ends, and

in the finishing process, the inner peripheral surface of the fourth intermediate material (26) is shaved off to form
the two outer ring raceways (2) in the inner peripheral surface.

12
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Fig. 4
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Fig. 6

Fig. 7

4
N
7

B

e £

)
<
R

L

NN

-
NN
TN
&

=
N
AN
L
AN

4
5.,

18



EP 2 602 501 A1

Fig. 8

w B
- o)
- T2
h )/
\/
- B P
o L ] o~
<) e L

ey «."}a\;\h‘.ﬁ.._,

30

30
25

(=)

(E)
2
2

o
)
=
& NN
NIy P

19



EP 2 602 501 A1
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